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I n v e s t i g a t i o n  of Thermodynamic Mechanisms f o r  t h e  P r o d u c t i o n  
of Complex Compounds E s s e n t i a l  f o r  t h e  O r i g i n  of L i f e  

Margare t  0. Dayhoff 
R i c h a r d  V .  Eck 
E l l i s  R .  L i p p i n c o t t  

We have made a s u r v e y  of t h e  major  compounds p r e s e n t  i n  a n  i d e a l  g a s  f o r  

a l l  p r o p o r t i o n s  of C ,  H ,  and 0. P r e s s u r e s  of t o  300 atm were c o n s i d e r e d  

and t e m p e r a t u r e s  of 300-l00O0K. R e s u l t s  f rom t h e  work were summarized i n  t h e  

p a p e r ,  "Thermodynamic E q u i l i b r i a  i n  P r e b i o l o g i c a l  Atmospheres" by M. 0. Day- 

h o f f ,  R .  V .  Eck, E. R .  L i p p i n c o t t ,  S c i e n c e ,  V o l ,  146, No. 3650, pp. 1461-14.64, 

Dec. 11, 1964. The method h a s  a r o u s e d  c o n s i d e r a b l e  i n k i e s t  among a s t r o n o m e r s  

f o r  a p p l i c a t i o n  t o  p l a n e t a r y  and s t e l l a r  a tmospheres .  

a t  Chicago  have measured t h e  compounds p r e s e n t  i n  carbonaceous  c h o n d r i t e  mete- 

o r i t e s  and found t h e  m o l e c u l a r  b a l a n c e  c o n s i s t e n t  w i t h  o u r  c o m p u t a t i o n s  i n  t h e  

a s p h a l t  r e g i o n .  F r e n c h  a t  Goddard Space F l i g h t  C e n t e r  h a s  p o i n t e d  o u t  t h a t  

a s p h a l t i c  compounds a r e  a l s o  found i n  v o l c a n i c  r e g i o n s  i n  carbonaceous  i g n e o u s  

f o r m a t i o n s  on  e a r t h  ( p r i v a t e  communicat ion) .  

Anders  and h i s  a s s o c i a t e s  

A s u r v e y  of t h e  main compounds formed on a d d i t i o n  of n i t r o g e n  and 1% of 

s u l p h u r ,  phosphorus ,  c h l o r i n e  and s i l i c o n  h a s  been made. The i m p o r t a n t  r e s u l t s  

of t h i s  s u r v e y  w i l l  be  s u b m i t t e d  f o r  p u b l i c a t i o n  soon.  . .  ,. ' 

We c o n s i d e r e d  t h e  c o n d i t i o n s  u n d e r  which c e r t a i n  b i o l o g i c a l l y  i n t e r e s t i n g  

compounds o c c u r r e d  i n  s i g n i f i c a n t  c o n c e n t r a t i o n s .  A r e p r e s e n t a t i v e  g r o u p  of 

t h e s e  was d i s c u s s e d  i n  t h e  p a p e r  c i t e d  above.  

We have made a few p r e l i m i n a r y  e s t i m a t e s  of t h e  d i s t r i b u t i o n  of some 

compounds between t h e  g a s  phase  and a n  aqueous phase .  Very l i t t l e  h a s  been  

done t o  s y s t e m a t i z e  t h e  work i n  t h i s  f i e l d .  D i s t r i b u t i o n  c o n s t a n t s  between t h e  

g a s  and  aqueous  p h a s e  a r e  s c a t t e r e d  i n  t h e  l i t e r a t u r e ,  i f  e x i s t e n t  a t  a l l .  We 

have  found no p u b l i s h e d  a t t e m p t  t o  c a l c u l a t e  f r e e  e n e r g i e s  of s o l u t e  m o l e c u l e s  

a s  a sum of c o n t r i b u t i o n s  of groupsA of a toms.  

t o  a thermodynamic t r e a t m e n t  of  many o r g a n i c  compounds, m m p a r a b l e  w i t h  o u r  

work i n  t h e  g a s  phase .  

'TKis i 4  a n e c e s s a r y  a n t e c e d e n t  

'. .- 
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We have made p r e l i m i n a r y  computa t ions  of s t e a d y s t a t e  sys tems which a r e  

a t  e q u i l i b r i u m  e x c e p t  t h a t  t h e  f o r m a t i o n  of c e r t a i n  compounds i s  f o r b i d d e n .  

Thus,  b e c a u s e  of t h e  v e r y  s low r a t e  of c e r t a i n  r e a c t i o n s  u n d e r  some c o n d i t i o n s ,  

s o l i d  C,  N, o r  p o s s i b l y  CO, o r  CO may be  e x c l u d e d  from t h e  r e a c t a n t s .  These  

s y s t e m s  o f t e n  s i m u l a t e  r a t h e r  c l o s e l y  t h e  p r o d u c t s  a c t u a l l y  o b t a i n e d  i n  t h e  

l a b o r a t o r y  e x p e r i m e n t s  w i t h  e l e c t r i c a l  d i s c h a r g e s  o r  r a d i a t i o n  i n  " p r i m i t i v e  

a tmospheres  ." 
We have c o n s i d e r e d  s i m p l e  l i v i n g  s y s t e m s  w i t h  a view t o  e x t r a p o l a t i n g  

backward t o  u n d e r s t a n d  more p r i m i t i v e ,  e x t i n c t  s p e c i e s .  

a t  t h e  AAAS meet ing  i n  Montrea l  on t h i s  s u b j e c t :  

Two p a p e r s  were d e l i v e r e d  

S u r v i v i n g  R e l i c s  of t h e  B e g i n n i n g s  of L i f e  
by Margaret  0. Dayhoff 

A n c e s t r a l  G e n e t i c  Coding Mechanism: S u r v i v i n g  Evidences  
by  R i c h a r d  V .  Eck 

- 7 -  



c 

a 

A b s t r a c t  of P a p e r s  P r e s e n t e d  a t  t h e  Mont rea l  Meeting of t h e  
Amerlcsn Asssc i s t i cn  f e r  t h e  !.dvancement of Science: Dewmber 27? 1964 

SURVIVING RELICS OF THE BEGINNINGS OF L I F E  
Margare t  0. Dayhoff 

R icha rd  V .  Eck 
ANCESTRAL GENETIC CODING MECHANISM: SURVIViNG EVIDENCES 

N a t i o n a l  Biomedica l  R e s e a r c h  F o u n d a t i o n  
8600 1 6 t h  S t r e e t ,  S i l v e r  S p r i n g ,  Md. 

The o r g a n i c  e v o l u t i o n  of l i v i n g  c e l l s  f rom non-living compounds was a 

complex p r o c e s s  i n v o l v i n g  a sequence  of sys t ems  of s u c c e s s i v e l y  h i g h e r  organi -  

z a t i o n .  These  "metabolons"  a r e  no l o n g e r  found l i v i n g  i n d e p e n d e n t l y ,  b u t  t h e i r  

n a t u r e  can  be deduced  f rom t h e  s t r u c t u r e  and f u n c t i o n  of t h e  o r g a n e l l e s ,  macrc- 

m o l e c u l e s ,  and c h e m i c a l s  of t h e  l i v i n g  c e l l s  t o d a y ,  and f rom a knowledge of t h e  

n a t u r e  of t h e  e v o l u t i o n a r y  p r o c e s s  and t h e  knowledge of which s t r u c t u r e s  a r e  

s i m p l e .  Many of t h e s e  n e c e s s a r y  f a c t s  and p r o c e s s e s  a r e  p o o r l y  u n d e r s t o o d  t o d a y .  

S imple  S t r u c t u r e s  

I n  o r d e r  t o  i n v e s t i g a t e  what c h e m i c a l s  a r e  " s imple , "  a broad  s u r v e y  of  t h e  

most s t a b l e  m i x t u r e s  of compounds formed f rom c a r b o n ,  hydrogen ,  oxygen, n i t r o g e n  

and s u l f u r  was conduc ted .  The c o n c e n t r a t i o n s  of b i o l o g i c a l l y  i n t e r e s t i n g  compounds 

i n  a n  i d e a l  g a s  unde r  a l l  e l e m e n t a l  c o m p o s i t i o n s  and p l a u s i b l e  c o n d i t i o n s  of 

t e m p e r a t u r e  and p r e s s u r e  was n o t e d  (Dayhoff ,  L i p p i n c o t t ,  and Eck, S c i e n c e ,  Dec. 11, 

1964.). 

c o m p l e x i t y  i n  an  e q u i l i b r i u m  p r i m i t i v e  a tmosphe re .  

r e a c t i o n  c h a i n ,  s u c h  a s  t h o s e  found i n  c e l l s ,  coming t o g e t h e r  f rom s u c h  a n  e x t r e m e l y  

d i l u t e m i x t u r e  i s  e x c e e d i n g l y  remote.  L i f e  must t h e r e f o r e  have  e v o l v e d  s t a r t i n g  a s  

a n  o r g a n i z e d  f u n c t i o n i n g  sys t em of v e r y  s i m p l e  compounds. T h e  t h i n g s  a v a i l a b l e  i n  

m a j o r  p r o p o r t i o n s  a r e  ca rbon  d i o x i d e ,  w a t e r ,  methane, hydrogen ,  ca rbon  monoxide, 

These  c o m p u t a t i o n s  i n d i c a t e  t h a t  t h e r e  were v e r y  few m o l e c u l e s  of any  

The p r o b a b i l i t y  of a whole 
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hydrogen s u l f i d e ,  n i t r o g e n ,  and p o s s i b l y  a " t a r "  phase  of p o l y a r o m a t i c  hydro- 

ca rbons .  Ammonia i s  p r e s e n t  i n  sma l l  c o n c e n t r a t i o n  and o r g a n i c  compounds s u c h  

a s  t h i o m e t h a n o l ,  a c e t i c  a c i d ,  f o r m i c  a c i d ,  methanol  and e t h a n e  a r e  v e r y  d i l u t e  

( abou t  l0-l' mole p e r c e n t )  Such b i o l o g i c a l l y  i n t e r e s t i n g  compounds a s  r i b o s e  

and a d e n i n e  would b e  s o  d i l u t e  t h a t  t h e r e  would be o n l y  a b o u t  a m i l l i o n  

m o l e c u l e s  i n  t h e  whole e a r t h  i n  a gaseous  e q u i l i b r i u m .  

These  r e s u l t s  l e a d  u s  t o  s e a r c h  f o r  some p r i m o r d i a l  a g g r e g a t i o n  of t h e  

s i m p l e  compounds which c o u l d  u t i l i z e  r a d i a n t  e n e r g y  f o r  metabol i sm.  

E v o l u t i o n a r y  P r o c e s s e s  and Complex S t r u c t u r e s  

On t h e  o t h e r  hand, s t a r t i n g  from t h e  complex i ty  of p r e s e n t  l i v i n g  t h i n g s ,  

a number of i n f e r e n c e s  can be made about  t h e  s t r u c t u r e  of v e r y  e a r l y  forms  of 

l i f e ,  by  a ma themat i ca l  a n a l y s i s  of t h e  e x p e r i m e n t a l  r e s u l t s  of t h e  s t u d i e s  of 

t h e  g e n e t i c  code and of p r o t e i n s .  I n  s p i t e  of t h e  b i l l i o n s  of y e a r s  t h a t  have  

p a s s e d ,  and t h e  t remendous  i n c r e a s e  i n  c o m p l e x i t y  of o r g a n i z a t i o n  of l i v i n g  

c h e m i s t r y  t h a t  h a s  o c c u r r e d ,  t h e r e  are  s t i l l  d e t e c t a b l e  ( i n  t h e  p r o p o r t i o n s  and 

r e l a t i o n s h i p s  of t h e  components of n u c l e i c  a c i d s  and p r o t e i n s )  s i m p l e  p a t t e r n s  

which a p p e a r  t o  be s u r v i v i n g  t r a c e s  of a v e r y  p r i m i t i v e  mechanism from which t h e  

p r e s e n t  e x t r e m e l y  complex g e n e t i c  mechanism must have  e v o l v e d ,  s t e p  by s t e p .  

The c o n c e p t  t h a t  t h e  e v o l u t i o n  of l i v i n g  t h i n g s  must have  o c c u r r e d  one s t e p  a t  

a time, and t h a t  e v e r y  s t e p  must have been a b l e  t o  s u r v i v e ,  becomes a v e r y  power- 

f u l  a p p r o a c h  t o  t h e  u n r a v e l i n g  of such p a t t e r n s .  

g e n e r a l  r u l e  c o n s t r a i n i n g  t h e  p o s s i b l e  numbers of changes  which cou ld  o c c u r  a t  

e a c h  s t a g e ,  it might  seem i m p o s s i b l e  t o  f i n d  t h e s e  s t i l l - l i v i n g  r e l i c s  of t h e  

c h e m i c a l  o r g a n i z a t i o n  of t h e  v e r y  e a r l y  forms of l i f e .  

I f  t h e r e  were no such  s i m p l e ,  

T h i s  work was s u p p o r t e d  by N I H  G r a n t s  Nos. GM-12168 and GM-08710 and by 
NASA C o n t r a c t  No. 2 1 4 0 3 4 3 0 2  t o  t h e  N a t i o n a l  B iomed ica l  Resea rch  Founda t ion .  
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